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Abstract
High-momentum components of nuclei are essential for understanding the underlying inter-nucleon correlations in nuclei.
We perform the comprehensive analysis for the origin of the high-momentum components of 4He in the framework of
Tensor-optimized High-momentum Antisymmetrized Molecular Dynamics (TO-HMAMD), which is a completely varia-
tional approach as an ab initio theory starting from the bare nucleon-nucleon interaction. The analytical derivations are
provided for the nucleon momentum distribution of the Antisymmetrized Momentum Dynamics (AMD) wave functions,
with subtraction of center-of-mass motion. The nucleon momentum distribution for 4He is calculated by applying a new
expansion technique to our ab initio wave function, and agrees with the values extracted from experimental data up to
the high-momentum region. Fine-grained analysis is performed for the high-momentum components in 4He with respect
to different nucleon correlations. Contributions from tensor, central with short-range, and many-body correlations are
extracted from the nucleon momentum distributions. The manifestation of tensor correlation around 2 fm−1 region is
explicitly confirmed by comparing the momentum distributions predicted using different types of NN interactions with
and without the tensor force.
Keywords: high-momentum component; momentum distribution; inter-nucleon correlation; tensor force; short-range
repulsion (correlation)
1. Introduction
In atomic nuclei, the high-momentum components pro-
vide an important window for understanding the underly-
ing inter-nucleon correlations induced by the bare nucleon-
nucleon (NN) interactions [1]. In some studies, the high-
momentum components are predicted to contribute about
20% to the total wave function in both finite nuclei [2, 3, 4]
and nuclear matter [5, 6]. In the reproduction of the high-
momentum components, it is essential to describe correctly
the strong NN -correlations in the nuclear wave function,
which is the major difficulty of the ab initio calculations
for nuclear systems. For the NN correlations, it is well
known that both tensor and short-range correlations are
induced by the attraction from tensor force and the short-
range repulsion respectively, in the bare interaction [7].
Accordingly, many-body wave functions are built upon
the NN -correlation functions. In the Green’s Function
Monte Carlo (GFMC) method [7], a Jastrow type of cor-
relation function is introduced in the trial wave function,
and is assumed to be a product form of many-kinds of
NN -correlation functions. In Ref. [8], the unitary oper-
ators are introduced for the inter-nucleon correlations of
tensor and short-range types.
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Recently, the “Tensor-optimized Antisymmetrized Molec-
ular Dynamics” (TOAMD) method is developed in Refs. [9,
10, 11, 12, 13] by multiplying the NN -correlations into
the “Antisymmetrized Molecular Dynamics” (AMD) ref-
erence wave function, which itself is a microscopic frame-
work successfully applied in the study of nuclear cluster
states [14, 15]. Both the tensor correlation function FD
and the central correlation function FS are introduced in
the TOAMD wave function. By including up to the sec-
ond orders in the cluster expansion, i.e. FD,S and F
2
D,S ,
the TOAMD wave function reproduces well the binding
energies and radii of s-shell nuclei using the AV8′ bare
interaction [10]. In later works, it is also found that the
tensor [16] and short-range [17] correlations are well de-
scribed using the high-momentum NN pairing technique
[18], which is named as the “High-momentum Antisym-
metrized Molecular Dynamics” (HM-AMD) in Refs. [16,
17]. This technique has been applied to the calculations of
both finite nuclei [16, 17, 18, 19, 20] and nuclear mat-
ters [21, 22]. Hybridizing the TOAMD and HM-AMD
methods, the “Tensor-optimized High-momentum Anti-
symmetrized Molecular Dynamics” (TO-HMAMD) approach
is formulated, which also provides the same quality of the
nuclear properties of 3H [23] and 4He [24] as other ab ini-
tio calculations in TOAMD or GFMC frameworks. In the
methods of TOAMD, HM-AMD, and TO-HMAMD, the
wave functions are variationally determined by minimiz-
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ing the total energies, and the high-momentum compo-
nents are produced naturally in the optimized wave func-
tion. In the TOAMD wave function, the NN correlations
are described by using the variational correlation func-
tions. The tensor correlation FD is inherited from the
preceding “Tensor-optimized Shell Models” (TOSM) ap-
proach which provides good descriptions for the light nu-
clei [25, 26, 27, 28, 29]. In Ref. [29], it is found that the
spatial shrinkage of particle states is essential for the ten-
sor contribution, which is further discussed in Ref. [18] and
related to the emergence of high-momentum components
in nuclei.
Experimentally, the high-momentum components are
probed by using the electron scattering [2, 3, 4, 30, 31, 32,
33, 34] and the proton induced reactions [35, 36, 37]. In
Ref. [30], the tensor correlation is suggested by the promi-
nent population of the proton-neutron pairs in the high-
momentum region. More recent developments are intro-
duced in review papers [3, 4].
Theoretically, the momentum distributions of light nu-
clei have been calculated using bare interactions [38, 39,
40, 41, 42, 43, 44, 45, 46]. For 4He nucleus, the origin
of the high-momentum components has been discussed in
various studies. In Ref. [39], the momentum distribution
is calculated using Reid NN force and the contributions
from S- and D-wave components are discussed, while the
binding energy of 4He is not reproduced in this reference.
In Ref. [44], the proton momentum distributions are com-
pared for the central and central+tensor channels of the
Variational Monte Carlo wave function. In Refs. [43, 45],
the spin-isospin decomposition is performed for the pro-
ton momentum distribution. The decomposition regarding
different kinds of NN pairs is provided in Refs. [42, 46].
However, the inter-nucleon correlations become complex in
many-body system and then the physical origins of high-
momentum components has not been clarified in relation
to the inter-nucleon correlations, such as the tensor or
short-range ones. For example, the nucleon momentum
distribution excited by the short-range repulsion can be
coupled to the uncorrelated term in the reference 0s-state
in 4He. In addition, the contributions from many-body
correlations beyond the two-body case, which correspond
to the second or higher orders of cluster expansion, is un-
known. Hence, it is worthwhile to perform the thorough
investigations on the origins of the high-momentum com-
ponents with respect to different types of inter-nucleon
correlations.
In the present work, we provide a general method to
calculate the momentum distribution of nuclei with our ab
initio approach of TO-HMAMD [24]. Using this method,
we perform the fine-grained analysis for the physical ori-
gins of high-momentum components in the 4He nucleus
by the decomposition of the ab initio wave function into
the AMD, central, tensor and many-body channels, which
provides a different aspect of the inter-nucleon correlations
as compared to pioneer works. We also investigate the im-
portance of the tensor correlation in the high-momentum
region by comparing the results using different NN inter-
actions with and without the tensor force.
2. Formulation
We describe the nucleon momentum distribution of the
4He nucleus in the framework of TO-HMAMD. In Sec. 2.1
we introduce the formulation of TO-HMAMD wave func-
tion. In Sec. 2.2, we provide the first formulation for the
nucleon momentum distribution of the (HM-)AMD wave
functions. In Sec. 2.3, we introduce a projection approach
to expand the ab initio TO-HMAMD wave function by us-
ing the HM-AMD bases, for the calculation of momentum
distributions.
2.1. The ab initio wave function of 4He
We recapitulate the theoretical framework for the ab
initio wave function used in this work. Detailed explana-
tions are found in Ref. [24] and references there in.
In the coordinate space, the (HM-)AMD wave function
with mass number A is written as
|Ψ(HM)AMD〉 = A
{
A∏
i=1
ψαi(ri,Zi)
}
, (1)
where A is the antisymmetrizer and the nucleon state ψα
is given as the Gaussian wave packet
ψα(r,Z) ∝ e
−ν(r−Z)2χα. (2)
Here α denotes the spin and isospin of the nucleon state
and the range parameter ν is determined in the energy
variation. Coordinate Z is the centroid of Gaussian wave
packets which is typically real satisfying the condition of∑A
i Zi = 0. For HM-AMD wave functions, the imaginary
shifts ±iD are additionally introduced in a pairwise form
for two nucleons among A-nucleons as
Zi → Zi + iD,
Zj → Zj − iD,
(3)
where the imaginary shift D represents the momentum
component of the Gaussian wave packet in Eq. (2) such as
〈k〉 = 2νD. From this property, using a large magnitude
of D, we can describe the high-momentum components
induced by the NN correlations. While Eq. (3) describes
only single NN pair using iD, another pair with different
iD′ can be successively added in a HM-AMD basis to de-
scribe simultaneously the correlations induced by two NN
pairs [17, 24]. The wave functions that include HM-AMD
bases of up to single or double NN pairs are named as
“Single HMAMD” and “Double HMAMD”, respectively.
The TO-HMAMD wave function is then formulated using
correlation functions FD and FS as
|ΨTO−HMAMD〉 = (1 + FD + FS) |ΨHM−AMD〉 , (4)
2
where
FD =
A∑
i<j
∑
t
f tD(rij)O
t
ijr
2
ijS12(rˆij), (5)
FS =
A∑
i<j
∑
t,s
f t,sS (rij)O
t
ijO
s
ij . (6)
Here, FD are the tensor correlation operators and FS are
the central correlation operators, with the operators Otij =
(τi · τj)
t and Osij = (σi · σj)
s. Superscripts s and t are
used to distinguish the spin and isospin channels. The
pair functions f tD and f
t,s
S are determined in the mini-
mization of the total energy. When imaginary shifts iD
are not included in Eq. (4), the wave function reduces to
the TOAMD wave function of the first order [9]
|ΨTOAMD〉 = (1 + FD + FS) |ΨAMD〉 . (7)
Using the TO-HMAMD wave function in Eq. (4), we ob-
tain the total energy as −24.74 MeV and the radius as
1.51 fm for the 4He nucleus with AV8′ bare interaction
[24], which reproduce the GFMC results [7]. From these
results, we expect that the high-momentum components
are accurately described by the TO-HMAMD wave func-
tion as an ab initio approach.
2.2. Momentum distribution for (HM-)AMD wave func-
tion
The (HM-)AMD wave function in the momentum space
Φ can be written as
Φ(HM-)AMD (k1, · · · ,kA) = A
{
A∏
i=1
φαi(ki,Zi)
}
, (8)
where ki denotes a momentum of each nucleon in the lab-
oratory frame, and φα(k,Z) is the Fourier transformation
of the nucleon wave function ψα(r,Z) in Eq. (2). The
(HM-)AMD wave function has a center-of-mass compo-
nent ΦG(kG) which can be factorized in Eq. (8) as
Φ = ΦI · ΦG (kG) , (9)
where ΦI is the internal wave function and the center-of-
mass momentum is given as kG =
∑A
i=1 ki and
ΦG (kG) =
1
(2πAν)3/4
e−k
2
G
/(4Aν). (10)
The operator of the nucleon momentum distribution is de-
fined as
nˆ(k) ≡
A∑
i=1
δ (bi − k) , (11)
where bi is a nucleon momentum in the center-of-mass
frame satisfying ki = bi + kG/A and
∑A
i=1 bi = 0. Simi-
larly, we define the nucleon momentum distribution oper-
ator in the laboratory frame as
nˆG(k) ≡
A∑
i=1
δ (ki − k) . (12)
The expectation value of nˆG(k) can be calculated directly
using the (HM-)AMD wave function as
nG(k) =
〈Φ|n̂G|Φ〉
〈Φ|Φ〉
=
1
(2π)3
∫
dre−ik·r · n˜G(r), (13)
where
n˜G(r) =
A∑
i=1
〈Φ|eiki·r|Φ〉
〈Φ|Φ〉
=
A∑
i,j=1
〈φi|e
ik·r|φj〉 ·B
−1
ji . (14)
We note that in Eq. (14) the integrations are performed in
momentum space over momentum k, and Bij = 〈φi|φj〉 is
the overlap matrix of single nucleon states where we simply
write it without α. On the other hand, the expectation
value of nˆG(k) can be given using bi and the relation in
Eq. (9) as
n˜G(r) ≡
A∑
i=1
〈Φ|ei(bi+kG/A)·r|Φ〉
〈Φ|Φ〉
=
A∑
i=1
〈ΦI|e
ibi·r|ΦI〉
〈ΦI|ΦI〉
·
〈ΦG|e
ikG·r/A|ΦG〉
〈ΦG|ΦG〉
,
(15)
where the center-of-mass term is given as
〈ΦG|e
ikG·r/A|ΦG〉
〈ΦG|ΦG〉
= exp
[
−
ν
2A
r
2
]
. (16)
The nucleon momentum distribution in the center-of-mass
frame can now be expressed using Eq. (15) as
n(k) =
〈ΦI|n̂|ΦI〉
〈ΦI|ΦI〉
=
1
(2π)3
∫
dre−ik·r · n˜G(r) · exp
(
νr2
2A
)
.
(17)
Substituting Eq. (14) into Eq. (17) we have the momentum
distribution in (HM-)AMD
n(k) =
(
1
2πνǫ
)3/2
×
A∑
i,j=1
exp
[
−
1
2νǫ
(k − iν(Z∗i −Zj))
2
]
BijB
−1
ji ,
(18)
where ǫ = (A − 1)/A. We note that for HM-AMD wave
functions, the centroid parameters Zi,j in Eq. (18) are
complex with imaginary shifts. The momentum distribu-
tion satisfies the normalization condition∫
dk n(k) = A. (19)
We note that the equations above are formulated in gen-
eral for nucleus with any mass number A. In addition,
the center-of-mass motion is completely subtracted in this
formulation, which is an significant advantage of this re-
search. When the total wave function |Φ〉 =
∑
a ca |Φa〉 is
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a superposition of the AMD bases |Φa〉, the corresponding
nucleon momentum distribution is given as
n(k) =
1
〈Φ|Φ〉
∑
a,b
c∗acb 〈Φa|n̂|Φb〉 . (20)
In (HM-)AMD, usually the angular momentum projection
[51] is adopted to restore the rotational symmetry, which
is mathematically a superposition of rotated (HM-)AMD
bases, and hence the corresponding nucleon momentum
distribution of |ΦJM 〉 can be calculated using Eq. (20) for
the state with total spin J and z-component M .
2.3. Expansion of TO-HMAMD wave function
To calculate the nucleon momentum distribution of
the ab initio TO-HMAMD wave function |Ψ〉, we expand
the |Ψ〉 in coordinate space by a set of HM-AMD bases
{|Ψ1〉 , |Ψ2〉 , . . . , |Ψn〉} with the number of n as
|Ψ〉 ≈
n∑
i=1
Ci |Ψi〉 , (21)
where Ci are expansion coefficients. The momentum dis-
tribution can be calculated using HM-AMD basis with
Eq. (20). To obtain the coefficients Ci, we first construct
a new set of the orthonormal bases |Ψ˜k〉 in the linear com-
bination of the non-orthogonal HM-AMD basis states, as
|Ψ˜k〉 =
∑
j
v˜j,k |Ψj〉 . (22)
The ab initio wave function |Ψ〉 can be expanded with |Ψ˜k〉
as
|Ψ〉 ≈
∑
k
Pk |Ψ˜k〉 , (23)
where
Pk = 〈Ψ˜k|Ψ〉 . (24)
Using Eqs. (22) and (23), the coefficients Ci are obtained
as
Ci =
∑
k
v˜i,kPk (25)
In realistic calculations, the number n of the HM-AMD
bases used in Eq. (21) is finite and the quality of this ex-
pansion can be estimated using the overlap
O = 〈Ψ|
∑
k
PkΨ˜k〉 =
∑
k
P2k . (26)
For accurate expansion, the overlap O should be close to
unity.
3. Results
We first check the overlap O by successively enlarging
the functional space expanded by the HM-AMD bases, as
shown in Table 1 and Fig. 1. The setups of the Single
HMAMD bases are the same as in Ref. [24], and the Dou-
ble HMAMD bases are additionally included. The overlap
value O = 99.8% is obtained for the TOAMD wave func-
tion, which confirms the accuracy and reliability of this
expansion method [24]. It is found that when the Single
HMAMD bases are included, the overlap O for the TO-
HMAMD wave function is O = 97.5%, almost unity. This
is surprising because it is known that the second order of
the NN correlations is important to converge the solu-
tions of the ab initio wave functions of nuclei [10] and they
are expected to be described using Double HMAMD bases
[24]. To understand this behavior, we note that the Single
HMAMD bases are not orthogonal to the Double HMAMD
bases, hence the effects of the second order terms are par-
tially included in the expansion within the Single HMAMD
functional space. In this work, we perform the expansion
within Single HMAMD bases so as to get the sufficient nu-
merical accuracy for the momentum distribution of nuclei.
Table 1: Overlap O between the ab initio wave function and its ex-
pansion with respect to the successive additions of HM-AMD bases.
“+Dz” and “+Dx” denote the additions of Single HM-AMD bases
with imaginary shifts in z- and x-directions, respectively. “+D&D′”
denotes the addition of Double HMAMD bases. The total number
of HM-AMD bases used for expansion is n.
AMD +Dz +Dx +D&D
′
n 1 49 97 ∼1000
O(TOAMD) 0.888 0.960 0.998
O(TO-HMAMD) 0.771 0.912 0.975 0.982
 $ 0 ' +Dz +Dx +D&D ′
   
   
   
   
   
   
O
 7 2 $ 0 '
 7 2  + 0 $ 0 '
Figure 1: Overlap O between the ab initio wave function and its ex-
pansion with respect to the successive additions of HM-AMD bases.
Notations are the same as used in Table 1.
Before showing the final results, we demonstrate the
momentum distributions of the 4He nucleus described by
the HM-AMD wave functions in the intrinsic frame. For
the (HM-)AMD bases, Re(Z) = 0 is commonly adopted
for all nucleons. For the AMD basis with D = 0, the
spherical Gaussian distribution in the momentum space
is obtained in Fig. 2 (a). The effect of paired imaginary
shifts Dz=±5 fm in a HM-AMD basis of
4He is shown in
4
Fig. 2 (b), where additional two peaks of momentum dis-
tribution is observed at corresponding kz = 2νDz = ±2.0
fm−1. Fig. 2 (c) and (d) show the intrinsic nucleon mo-
mentum distributions after superposing successively the
(HM-)AMD bases with various kinds of imaginary shifts
in z- and x-directions, where the high-momentum compo-
nents beyond 2 fm−1 are clearly shown as compared to the
AMD basis in Fig. 2 (a).
Figure 2: Momentum distributions of 4He nucleus described by the
(HM-)AMD wave functions in the intrinsic frame. Panel (a) is the
nucleon momentum distribution of the AMD basis without imagi-
nary shifts (D = 0). Panel (b) is the one for the HM-AMD basis
with paired imaginary shifts Dz = ±5 fm. Panel (c) is the nucleon
momentum distribution of the superposed (HM-)AMD bases with
various z-direction imaginary shifts Dz . Last Panel (d) is the nu-
cleon momentum distribution of superposed (HM-)AMD bases with
imaginary shifts in both x- and z-directions. Unit of the distribution
is in fm3.
We calculate the nucleon momentum distribution for
the 4He nucleus using both the TOAMD and the TO-
HMAMD wave functions, and the results are compared to
the values extracted from experimental data in Fig. 3. It is
found that both the TOAMD and the TO-HMAMD wave
functions nicely describe the high-momentum components,
as shown by the solid curve and the dashed curve, re-
spectively. In particular, the TO-HMAMD wave function
contains more components of higher momentum and re-
produces better the extracted values with enhanced high-
momentum tail, especially the inclusive data denoted by
open squares, as compared to the dashed curve.
We further explore the physical origins of the high-
momentum components shown in Fig. 5 by the decompo-
sition of the ab initio wave function with respect to dif-
ferent channels of inter-nucleon correlations, and demon-
strate their contributions to the total momentum distri-
bution. We prepare first the following orthonormal wave
functions |Ψ0−3〉 in the coordinate space through the fol-
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Figure 3: Nucleon momentum distribution of the 4He nucleus calcu-
lated using two-kinds of the wave functions of TO-HMAMD and
TOAMD. The AV8′ bare interaction is used to obtain the wave
function. The dash-dotted curve and the extracted values are
adopted from Ref. [47]. “VMC (proton)” denotes the proton dis-
tribution calculated with the Variational Monte Carlo wave function
[44]. The open squares represent the values extracted from inclu-
sive 4He(e, e′)X reaction data [48]. The full [49] and open triangles
[50] represent the values extracted from the exclusive 4He(e, e′p)X
reaction data. The nucleon momentum distribution is normalized as∫
∞
0
dk k2n(k) = 1.
lowing Gram-Schmidt process
AMD: |Ψ0〉 = n0 |ΨAMD〉 , |ΨS〉 = nSFS |ΨAMD〉 ,
Central: |Ψ1〉 = n1(1− |Ψ0〉 〈Ψ0|) |ΨS〉 ,
Tensor: |Ψ2〉 = n2 FD |Ψ0〉 ,
Many-body: |Ψ3〉 = n3(1− |Ψ0〉 〈Ψ0|
− |Ψ1〉 〈Ψ1| − |Ψ2〉 〈Ψ2|) |Ψ〉 .
(27)
Here |Ψ0〉 is the AMD wave function which corresponds
to the uncorrelated state. |Ψ1〉 and |Ψ2〉 are the two-body
NN -correlated terms in the central and tensor channels,
respectively. FS and FD are the two-body correlation op-
erators adopted from the TOAMDwave function in Eq. (7)
for the first order of cluster expansion, and the central term
|ΨS〉 contains the short-range correlation at the two-body
level. |Ψ3〉 is the term of many-body correlations which
are not included in the TOAMD wave function. Coef-
ficients n0,...,3,S are normalization factors. Then, the ab
initio wave function |Ψ〉 can be expanded as a result of
Eq. (27)
|Ψ〉 = C0 |Ψ0〉+ C1 |Ψ1〉+ C2 |Ψ2〉+ C3 |Ψ3〉 , (28)
where the coefficients Ci = 〈Ψ|Ψi〉 and the probabilities
of each term are given as |Ci|
2, as shown in Fig. 4. In
this calculation, we found that the correlated terms con-
tribute to about 23% of the total wave function in total,
which is consistent with the estimation of 20% in Ref. [4].
The contribution of tensor correlation term |Ψ2〉 is about
12%, which is slightly smaller than the 13% for D-wave
5
components in Ref. [12]. This is reasonable because the
many-body term |Ψ3〉 also contains small amount of D-
wave components. It is interesting to note that contribu-
tion from tensor correlation is almost double as compared
to the central contribution. The many-body contribution
of about 4% is comparably small, although this term con-
tributes to about 10 MeV in the binding energy of 4He
[10].
Figure 4: Probabilities of each orthogonal component of AMD, cen-
tral, tensor, and many-body in the TO-HMAMD wave function of
4He.
Using the wave function in Eq. (28), we calculate the
nucleon momentum distribution for each component us-
ing the expansion method introduced in Sec. 2.3, and the
results are shown in Fig. 5. In this figure, contributions
from the AMD, central, tensor, and many-body terms are
clearly decomposed from the total momentum distribution
of the 4He nucleus, providing a different point of view as
compared to pioneer works in Refs. [42, 43, 45, 46]. It is
found that the high-momentum components (k > 2 fm−1)
of 4He nucleus are mostly contributed by the tensor and
the short-range correlated terms, where the tensor corre-
lation dominates around k ≈ 2 fm−1 and the short-range
correlation dominates around k ≈ 4 fm−1, as denoted by
the blue and yellow regions in the figure, respectively. The
contribution from many-body correlation term is found to
be comparably small for k < 4 fm−1 in this calculation.
Using the characteristics of tensor dominance around
k ≈ 2 fm−1, the tensor correlations in 4He can be con-
firmed by the shape of nucleon momentum distribution,
as shown in Fig. 6. In this figure, we compare two sets
of momentum distributions predicted by using the AV4′
and the AV8′ interactions, with the values extracted from
experimental data. Both the AV4′ and the AV8′ interac-
tions are renormalized from the realistic AV18 interaction
to reproduce the binding energies of light nuclei [1] and
both interactions include strong short-range repulsion in
the central channel while AV4′ does not have the tensor
and LS force. In dashed curve with AV4′, no tensor cor-
relations are included in the wave function. Hence, we
observe a deep valley structure around k ≈ 2 fm−1, which
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Figure 5: Decomposition of the high momentum component of the
4He nucleus. “Total” denotes the nucleon momentum distribution
of the entire TO-HMAMD wave function. “AMD”, “Central”, and
“Tensor” denote nucleon momentum distributions contributed by
corresponding component defined in Eq. (27).
deviates significantly from the extracted values. On the
other hand, in the wave function using the AV8′ interac-
tion, the tensor correlations are induced by the NN tensor
force. Consequently, a smooth solid curve is obtained and
nicely reproduces the extracted values. This comparison
provides a clear signature for the validation of the tensor
correlation in 4He nucleus.
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Figure 6: Nucleon momentum distribution of 4He calculated with
the AV4′ and the AV8′ interactions in the TO-HMAMD framework.
The values extracted from experimental data and normalization are
the same as in Fig. 3.
4. Conclusion
We provided the fine-grained analysis for the different
types of inter-nucleon correlations in the 4He nucleus and
investigated their contributions to the high-momentum com-
ponents. The nucleon momentum distribution of the 4He
6
nucleus was calculated by using the ab initio wave function
in the TO-HMAMD framework with the AV8′ bareNN in-
teraction. The first analytical formulation was derived for
the nucleon momentum distribution of (HM-)AMD wave
functions, with complete subtraction of the center-of-mass
motion. In this work, the TO-HMAMD wave function was
expanded by using the HM-AMD bases using a new pro-
jection method, and it was found that a good precision
is obtained for the expansion. Based on these theoretical
preparations, we calculated the nucleon momentum dis-
tributions for the TOAMD and the TO-HMAMD wave
functions. It was found that both calculations predict the
high-momentum components and the distribution calcu-
lated from the TO-HMAMD wave function reproduces the
values extracted from experimental data with a clear dif-
ference to the TOAMD case, which shows the effect of
many-body correlation.
The physical origins of the high-momentum component
were further clarified via the decomposition of the total
wave function into the orthogonal components consisting
of AMD, central, tensor and many-body channels, and
their contributions to the momentum distribution were
calculated individually. The tensor dominance around k ≈2
fm−1 and the short-range dominance around k ≈4 fm−1
were observed from the decomposition. The relatively
small contribution from the many-body correlation was
also obtained. At last, the nucleon momentum distribu-
tions calculated by using both the AV4′ and the AV8′ inter-
actions were compared with the extracted values, and the
tensor correlation was found to be essential to reproduce
the smooth momentum distribution around k ≈2 fm−1,
which provides a clear manifestation for the existence of
tensor correlation in the 4He nucleus. This work completes
the previous understanding of high-momentum component
in the 4He nucleus, and is expected to be useful for the
theoretical and experimental studies in future for other
heavier nuclei.
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